Introduction
============

Cervical cancer is a common gynecological malignancy that affects 500,000 new cases and causes approximately 270,000 deaths worldwide every year ([@b1-ol-0-0-9520]). In recent years, the onset age of cervical cancer is becoming increasingly younger. Cervical cancer lacks obvious symptoms during the early stages, and prognosis of cervical cancer at advanced cervical cancer is poor ([@b2-ol-0-0-9520]).

The etiology of cervical cancer is complex and diverse. Currently, the main cause of cervical lesions has been proven to be the infection of human papillomavirus (HPV) ([@b3-ol-0-0-9520]). HPV is a common sexually transmitted virus, with more than 200 subtypes, and those subtypes are divided into the low-risk group and the high-risk group ([@b4-ol-0-0-9520]). High-risk HPV infection usually causes malignant tumors such as cervical cancer ([@b5-ol-0-0-9520]), and HPV16 and HPV18 as two high risk types have been confirmed to be related to the occurrence of cervical cancer ([@b6-ol-0-0-9520],[@b7-ol-0-0-9520]). In most cases, viruses can be killed by immune response after HPV infection. Aggravated HPV infection can lead to the progression of cervical disease to cervicitis and cervical intraepithelial neoplasia (CIN). In extreme cases, CIN will further develop into cervical cancer ([@b8-ol-0-0-9520]). Body\'s immune response can effectively control precancerous lesions, and changes in immune response may increase the probability of HPV-related diseases ([@b9-ol-0-0-9520]). Studies have shown that the immunosuppressive factor IL-10 produced by cervical lesions can interact with other types of cytokines to weaken tumor-specific immunity and promote tumorigenesis ([@b10-ol-0-0-9520],[@b11-ol-0-0-9520]). Development of CIN is often characterized by excessive cell proliferation and abnormal differentiation ([@b12-ol-0-0-9520]). Therefore, markers related to cell proliferation have clinical value for the evaluation of cervical cancer. Ki-67 is a nuclear antigen gene synthesized in the G1, S, and G2/M phases for the maintenance of cell prolife-rative activity ([@b13-ol-0-0-9520]). It can accurately reflect cell proliferation activity and provide important references for the prediction of malignant transformation. Therefore, timely monitoring of HPV infection and IL-10 and Ki-67 expression can provide guidance for the treatment of cervical cancer.

In this study, 110 cases of cervical lesions undergoing surgical treatment (36 cases of cervical cancer and 74 cases of CIN) were selected and 30 cases of chronic cervicitis were also selected to serve as a the control group to detect the expression of IL-10 and Ki-67, and HPV infection. The correlation of IL-10 and Ki-67 expression with HPV infection was also investigated.

Patients and methods
====================

### Grouping of patients

A total of 110 females with cervical lesions diagnosed in Shanghai First Maternity and Infant Hospital, Tongji University School of Medicine (Shanghai, China) from 2016 to 2017 were included as the observation group. The observation group included 36 cases of cervical cancer (invasive squamous cell carcinoma of the cervix) and 74 cases of CIN patients (34 cases of CIN stage I, 18 cases of CIN stage II and 22 cases of CIN stage III). Stages II and III were combined into the CIN II--III group (40 cases), and the control group was 30 patients with chronic cervicitis. All research subjects were suitable for hysterectomy or cervical conization. No preoperative chemotherapy and chemotherapy were performed before surgery. Acute gynecological inflammation was not observed in the patients. There was no statistically significant difference in age between the control group and the observation group ([Table I](#tI-ol-0-0-9520){ref-type="table"}). All patients were reviewed and confirmed by pathologists. All participants were informed and signed informed consent. The study was approved by the Ethics Committee of Shanghai First Maternity and Infant Hospital, Tongji University School of Medicine.

### Main reagents

RNA extraction kit, DNA extraction kit, Taq enzyme, and real-time fluorescence quantitative PCR kit were purchased from Sangon Biotech Co., Ltd. (Shanghai, China). Rabbit anti-human IL-10 polyclonal antibody, rabbit anti-human Ki-67 polyclonal antibody (dilution, 1:300; cat no. 20850-1-AP, 27309-1-AP) were purchased from ProteinTech Group, Inc.; Wuhan Sanying Biotechnology (Wuhan, China) and SP universal reagent kits and DAB chromogenic kits were purchased from Boster Biological Technology (Pleasanton, CA, USA). cDNA first-strand synthesis kit was purchased from Takara Bio, Inc. (Otsu, Japan). Primers used in this experiment were all synthesized by GenScript Co., Ltd. (Nanjin, China).

### HPV detection

Genomic DNA of the patient\'s cervical tissue obtained during surgical resection was extracted and used as a template to perform PCR reactions using HPV universal primer MY09/11 ([@b14-ol-0-0-9520]) to detect whether HPV existed in the patient\'s cervical tissues. PCR reaction system consisted of 2 µl of buffer, 1 µl of dNTPs, 0.5 µl of upstream and downstream primers, 1 µl of template and 0.5 µl of Taq enzyme, and ddH~2~O was added to make a final concentration of 20 µl. PCR reaction conditions were: 94°C for 5 min, followed by 30 cycles of 94°C for 50 sec, 55°C for 50 sec and 72°C for 1 min, and 72°C for 10 min. After the PCR reaction, the amplified product was detected by 1.5% agarose gel electrophoresis and photographed using imaging system.

### RT-qPCR

RNA extraction kit was used to extract total RNA from cervical tissue, and cDNA was synthesized according to the instructions of cDNA first-strand synthesis kit. RT-qPCR reactions were performed to detect the expression of IL-10 and Ki-67 mRNA using cDNA as template and β-actin as endogenous control. PCR reaction system was: 10 µl of SYBR-Green Master Mix, 0.5 µl of upstream and downstream primers, and 1 µl of template cDNA, and ddH~2~O was added to make a final volume of 20 µl. RT-qPCR reaction conditions: 95°C for 3 min, followed by 40 cycles of 95°C for 30 sec and 58°C for 1 min. Sequences of primers are listed in [Table II](#tII-ol-0-0-9520){ref-type="table"}. The experimental results were analyzed using the 2^−ΔΔCq^ method ([@b15-ol-0-0-9520]).

### Immunohistochemical detection of positive rates of IL-10 and Ki-67 expression

Paraffin embedded cervical tissue were used to make tissue sections with a thickness of 4 µm and immunohistochemical SP method was used to detect the positive rate of IL-10 and Ki-67 expression according the manufacturers instructions. DAB method was used for color development, and yellow granules in the nucleus indicated the positive expression of IL-10 and Ki-67. As a result, the ratio of positive cells to tumor cells \<10% was determined a negative, and \>10% was determined as positive.

### Statistical analysis

SPSS 17.0 (Beijing Xin Mei Jiahong Technology Co., Ltd., Beijing, China) was used for statistical analysis. Measurement data were expressed as mean ± SD. Analysis of variance was used for comparisons among multiple groups and Least Significant Difference test was the post hoc test. t-test was used for comparisons between two groups. Chi-square test was used for comparisons of count data. Personality analysis was performed using Pearsons correlation analysis. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Analysis of clinical data

Clinical data are shown in [Table I](#tI-ol-0-0-9520){ref-type="table"}. There was no difference in age between the observation group (CIN I, CIN II--III and cervical cancer groups) and the control group. In the observation group, interstitial infiltration depth \>1/2 was observed in 40.91% of patients (45/110) and lymph node metastasis was observed in 10% (11/110) of patients. Significant differences were found between the observation and control groups (P\<0.05). The levels of SCC-Ag and CA125 indicators were significantly higher in the observation group than in the control group (P\<0.05).

### Analysis of HPV infection in cervical tissues

PCR detection results showed that the positive rates of HPV in cervical cancer, CIN I and CIN II--III groups were significantly higher than those in the control group (Chi-square values were 11.356, 10.486 and 31.268, respectively; P\<0.05). The positive rate of HPV in the cervical cancer group was significantly higher than that in the CIN II--III and CIN I groups (Chi-square values were 9.188 and 25.656, respectively; P\<0.05). Finally, the positive rate of the CIN II--III group was significantly higher than that of the CIN I group (Chi-square value was 7.349; P\<0.05) ([Table III](#tIII-ol-0-0-9520){ref-type="table"}).

### Analysis of IL-10 expression in cervical tissue

RT-qPCR analysis showed that the mRNA expression levels of IL-10 in the cervical cancer, CIN I, and CIN II--III groups were significantly higher than those in the control group (t values were 25189.812, 6054.89, 21118.557, respectively; P\<0.05). The expression of IL-10 in the cervical cancer group was significantly higher than that in the CIN II--III and CIN I groups (t values were 8842.564 and 6054.489, respectively; P\<0.05). The expression level of IL-10 in the CIN II--III group was significantly higher than that in the CIN I group (t value was 30762.692; P\<0.05). The positive rate of IL-10 expression was significantly higher in the cervical cancer, CIN I, and CIN II--III groups than that in the control group (Chi-square values were 35.867, 3.757 and 17.77759, respectively; P\<0.05). The positive rate of IL-10 expression was significantly higher in the cervical cancer group than in the CIN II--III and CIN I groups (Chi-square values were 27.68 and 10.902, respectively; P\<0.05). Finally, the positive rate of IL-10 expression was significantly higher in the CIN II--III group than in the CIN I group (Chi-square values was 5.606; P\<0.05) ([Table IV](#tIV-ol-0-0-9520){ref-type="table"}).

### Analysis of Ki-67 expression in cervical tissue

As shown in [Table V](#tV-ol-0-0-9520){ref-type="table"}, the expression level of Ki-67 was higher in the cervical cancer, CIN I, and CIN II--III groups than in the control group (t values were 61329.613, 571.8836 and 95665.658, respectively; P\<0.05). The expression level of Ki-67 was significantly higher in the cervical cancer group than in the CIN II--III and CIN I groups (t values were 2075.601 and 59985.685, respectively; P\<0.05). The expression level of Ki-67 was significantly higher in the CIN II--III group than in the CIN I group (t value 46500.616; P\<0.05). The positive rate of Ki-67 expression was significantly higher in the cervical cancer, CIN, and CIN II--III groups than in the control group (Chi-square values were 30.249, 15.877 and 34.435, respectively; P\<0.05). The positive rate of Ki-67 expression was significantly higher in the cervical cancer group than in the CIN II--III and CIN I groups (Chi-square values were 3.849 and 6.949, respectively; P\<0.05). Finally, the positive rate of Ki-67 expression was significantly higher in the CIN II--III group than in the CIN I group (Chi-square value was 4.18; P\<0.05).

### Correlation between IL-10 and Ki-67 expression and HPV infection in cervical cancer tissues

Among 110 cases of cervical lesions and 30 cases of chronic cervicitis, 86 cases were HPV-positive and 54 cases were HPV-negative. Correlation analysis showed that the levels of IL-10 and Ki-67 expression were positively correlated with HPV infection (r=0.783, 0.712; P\<0.05) ([Table VI](#tVI-ol-0-0-9520){ref-type="table"}).

Discussion
==========

Cervical cancer is a serious threat to women\'s health, and the incidence rate is gradually increasing. At present, the conventional clinical treatment methods for this disease are surgery, radiotherapy, and chemotherapy. Although these treatments have a certain therapeutic effect, recurrence and metastasis after treatment still occur, especially in patients with advanced cervical cancer ([@b16-ol-0-0-9520]). Therefore, early diagnosis and treatment of cervical cancer is still critical.

HPV is a spherical DNA virus that causes squamous epithelium proliferation in the skin mucous membranes ([@b17-ol-0-0-9520]). Studies have shown that HPV infection is closely related to the occurrence of cervical cancer, in which infection of high-risk HPV plays an important role ([@b18-ol-0-0-9520]). High-risk HPV16 and HPV18 infection rate in cervical cancer patients was 50 and 20%, respectively ([@b19-ol-0-0-9520]). DNA fragment of high-risk HPV inserts into host genome to disrupt the stability of the genome, so as to induce neoplastic transformation ([@b20-ol-0-0-9520]). This study found that the positive rate of HPV in the cervical cancer group was 100%, which was significantly higher than that of the CIN I, CIN II--III and control groups (P\<0.05). The positive rate of HPV in the CIN II--III group was significantly higher than that in the CIN I and control groups (P\<0.05). The positive rate of HPV in the CIN I group was significantly higher than that in the control group (P\<0.05). Our findings showed that, with the development of cervical lesions, the infection rate of HPV increases. All cervical cancer patients were infected with HPV, indicating that HPV infection is closely related to the occurrence and development of cervical cancer. Vuitton *et al* ([@b21-ol-0-0-9520]) reported that the onset of cervical cancer patients is associated with high-risk HPV infection, suggesting that high-risk HPV is an important factor in the onset of cervical cancer.

Studies have shown that the proportion of T cells secreting IL-10 is higher in patients infected with HPV virus than in non-infected individuals ([@b22-ol-0-0-9520]), revealing that the development of cervical cancer is related to high level of IL-10. The role of IL-10 is to inhibit the production of antitumor factors, hinder the role of monocyte-macrophages, and accelerate tumor growth and proliferation ([@b23-ol-0-0-9520]). In addition, studies have shown that in cervical lesions, the increase in IL-10 is mainly caused by local lesions, and is not related to the plasma content ([@b21-ol-0-0-9520]). Therefore, the present study examined the expression of IL-10 in cervical tissue. Results showed that the mRNA expression levels of IL-10 in the cervical cancer, CIN I, and CIN II--III groups were significantly higher than those in the control group (P\<0.05). The expression level of IL-10 in the cervical cancer group was significantly higher than that in the CIN II--III and CIN I groups (P\<0.05). The expression level of IL-10 in the CIN II--III group was significantly higher than that in the CIN I group (P\<0.05), indicating that, with the development of cervical lesions, the expression level of IL-10 also increased. The positive rate of IL-10 expression was also significantly different among the cervical cancer, CIN I, CIN II--III and control groups (P\<0.05). With the increase of cervical lesions, the IL-10 positive expression rate also increased. Those data suggest that expression of IL-10 is closely related to the development of cervical lesions. Correlation analysis showed that the IL-10 expression was positively correlated with HPV infection. Our study confirmed that the expression of IL-10 is closely related to the occurrence and development of cervical cancer, which is consistent with the findings of Barbisan *et al* ([@b24-ol-0-0-9520]).

Ki-67 expression is closely related to cell mitosis and cell proliferation. Ki-67 can be used as a criterion to distinguish different degrees of benign and malignant tumors ([@b25-ol-0-0-9520]). Results of this study showed that expression level of Ki-67 in the cervical cancer, CIN I, and CIN II--III groups were higher than those in the control group (P\<0.05). The expression level of Ki-67 in the cervical cancer group was significantly higher than in the CIN II--III and CIN I groups (P\<0.05). The expression level of Ki-67 in the CIN II--III group was significantly higher than that in the CIN I group (P\<0.05), indicating that the expression level of Ki-67 increased with the development of cervical cancer. Furthermore, the positive rate of Ki-67 expression increased significantly, with increase in severity of cervical lesions (from CIN I and CIN II--III groups to cervical cancer group, P\<0.05). The correlation analy-sis showed that the expression of Ki-67 was positively correlated with HPV infection. The above data indicated that the expression of Ki-67 is closely related to the occurrence and development of cervical cancer, which is consistent with the findings of Muñoz *et al* ([@b26-ol-0-0-9520]).

In conclusion, HPV infection rate in cervical cancer tissues is high, and the expression levels of IL-10 and Ki-67 increase with increased severity of cervical lesions, and the expression levels of IL-10 and Ki-67 are positively correlated with HPV infection rate. Therefore, detection of the IL-10 and Ki-67 expression and HPV infection may provide references for the diagnosis of cervical cancer.
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###### 

Clinical data.

  Groups        Cases   Age (mean ± SD)   Interstitial infiltration depth \>1/2   Lymph node metastasis   SCC-Ag (µg/l)   CA125 (U/ml)
  ------------- ------- ----------------- --------------------------------------- ----------------------- --------------- --------------
  Control       30      42.8±8.8          0                                       0                       0.53±0.05       9.58±1.55
  CIN I         34      40.3±7.6          6                                       1                       1.35±0.07       15.67±2.53
  CIN II--III   40      42.1±7.8          19                                      4                       7.87±0.85       43.51±3.33
  CC            36      43.5±6.2          20                                      6                       10.56±1.53      52.34±4.53
  F-value               0.016             \<11.524\>                              \<4.86\>                94.347          129.686
  P-value               0.905             0.003                                   0.048                   \<0.001         \<0.001

CIN, cervical intraepithelial neoplasia.

###### 

Sequences of primers of RT-qPCR amplification.

  Genes       Primers   Sequences (5′-3′)          Length of product (bp)
  ----------- --------- -------------------------- ------------------------
  *IL-10*     F:        ATGCCCCAAGCTGAGAACCAAG     350
              R:        TCTCAAGGGGCTGGGTCACTATC    
  *Ki-67*     F:        GTCTGTCTTACATGTTATTTAATC   219
              R:        ATCACCAATAAATAGTCTGGGCT    
  *β-actin*   F:        TTCCAGCCTTCCTTCCTGG        225
              R:        TTGCGCTCAGGAGGAGCAAT       

F, forward; R, reverse.

###### 

HPV Infection in cervical tissues (n, %).

  Groups        Case   HPV
  ------------- ------ -----------------------------------------------------------------------------------------------------
  Control       30     3 (10)
  CIN I         34     16 (47.06)^[a](#tfn3-ol-0-0-9520){ref-type="table-fn"},[b](#tfn4-ol-0-0-9520){ref-type="table-fn"}^
  CIN II--III   40     31 (77.5)^[a](#tfn3-ol-0-0-9520){ref-type="table-fn"}--[c](#tfn5-ol-0-0-9520){ref-type="table-fn"}^
  CC            36     36 (100)^[a](#tfn3-ol-0-0-9520){ref-type="table-fn"}^
  χ^2^                 63.417
  P-value              \<0.001

P\<0.05, compared with the control group

P\<0.05, compared with the CC group

P\<0.05, compared with CIN I. CIN, cervical intraepithelial neoplasia.

###### 

The expression of IL-10 in the cervical tissues of each group \[mean ± SD, n (%)\].

  Groups           Cases (n)   IL-10 expression level                                                                                   IL-10 positive rate
  ---------------- ----------- -------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------
  Control          30          23.63±3.24                                                                                               2 (6.67)
  CIN I            34          102.08±10.34^[a](#tfn6-ol-0-0-9520){ref-type="table-fn"},[b](#tfn7-ol-0-0-9520){ref-type="table-fn"}^    6 (17.65)^[a](#tfn6-ol-0-0-9520){ref-type="table-fn"},[b](#tfn7-ol-0-0-9520){ref-type="table-fn"}^
  CIN II--III      40          238.36±15.22^[a](#tfn6-ol-0-0-9520){ref-type="table-fn"}--[c](#tfn8-ol-0-0-9520){ref-type="table-fn"}^   22 (55)^[a](#tfn6-ol-0-0-9520){ref-type="table-fn"}--[c](#tfn8-ol-0-0-9520){ref-type="table-fn"}^
  CC               36          303.24±18.17^[a](#tfn6-ol-0-0-9520){ref-type="table-fn"}^                                                29 (80.56)^[a](#tfn6-ol-0-0-9520){ref-type="table-fn"}^
  F-value (χ^2^)               25658.601                                                                                                \<48.35\>
  P-value                      \<0.001                                                                                                  \<0.001

P\<0.05, compared with the control group

P\<0.05, compared with the CC group

P\<0.05, compared with CIN I. CIN, cervical intraepithelial neoplasia.

###### 

The expression of Ki-67 in the cervical tissues of each group \[mean ± SD, n (%)\].

  Groups           Cases (n)   Ki-67 expression levels                                                                                   Ki-67 positive expression rate
  ---------------- ----------- --------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------
  Control          30          49.37±5.24                                                                                                10 (33.33)
  CIN I            34          143.18±18.54^[a](#tfn9-ol-0-0-9520){ref-type="table-fn"},[b](#tfn10-ol-0-0-9520){ref-type="table-fn"}^    27 (79.41)^[a](#tfn9-ol-0-0-9520){ref-type="table-fn"},[b](#tfn10-ol-0-0-9520){ref-type="table-fn"}^
  CIN II--III      40          323.83±17.23^[a](#tfn9-ol-0-0-9520){ref-type="table-fn"}--[c](#tfn11-ol-0-0-9520){ref-type="table-fn"}^   36 (90)^[a](#tfn9-ol-0-0-9520){ref-type="table-fn"}--[c](#tfn11-ol-0-0-9520){ref-type="table-fn"}^
  CC               36          353.12±18.19^[a](#tfn9-ol-0-0-9520){ref-type="table-fn"}^                                                 36 (100)^[a](#tfn9-ol-0-0-9520){ref-type="table-fn"}^
  F-value (χ^2^)               38114.081                                                                                                 \<55.576\>
  P-value                      \<0.001                                                                                                   \<0.001

P\<0.05 compared with the control group

P\<0.05, compared with the CC group

P\<0.05, compared with CIN I. CIN, cervical intraepithelial neoplasia.

###### 

Correlation between HPV infection and IL-10 and Ki-67 expression in CC tissues (n).

                      IL-10 expression   Ki-67 expression        
  -------------- ---- ------------------ ------------------ ---- ----
  HPV positive   86   57                 29                 86   0
  HPV negative   54   2                  52                 23   32
  r                   0.783              0.712                   

[^1]: Contributed equally
